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Abstract 

Background: Sedentary behaviour (SB) has been implicated as a potential risk factor for chronic disease. Since 
children spend most of their awake time in schools, this study aimed to identify individual- and school-level 
correlates of sedentary time using a multilevel approach, and to determine if these correlates have a similar effect 
in normal weight (NW) and overweight/obese (0/0) children. 

Methods: Sample comprised 686 Portuguese children aged 9-10 years from 23 schools that took part in the 
ISCOLE project. Actigraph GT3X + accelerometers were used 24 hours/day for 7 days to assess sedentary time 
(daily minutes <100 counts/min); BMI was computed and WHO cut-points were used to classify subjects as NW or 0/0. 
Sex, BMI, number of siblings, family income, computer use on school days, and sleep time on school days were used 
as individual-level correlates. At the school level, school size (number of students), percentage of students involved in 
sports or physical activity (PA) clubs, school promotion of active transportation, and students' access to equipment 
outside school hours were used. All multilevel modelling analysis was done in SPSS, WINPEPI, and HLM. 

Results: School-level correlates explain ~ 6.0% of the total variance in sedentary time. Results (|3 ± SE) showed that 
boys (-30.85 ± 5.23), children with more siblings (-8.56 ± 2.71) and those who sleep more (-17.78 ± 3.06) were less 
sedentary, while children with higher family income were more sedentary (4.32 ± 1.68). At the school level, no variable 
was significantly correlated with sedentary time. Among weight groups, variables related to sedentary time in NW were 
sex, sleep time and family income, while in 0/0 sex, number of siblings and sleep time were significant correlates. No 
school-level predictors were significantly associated in either of the weight groups. 

Conclusion: Notwithstanding the relevance of the school environment in the reduction of children's sedentary time, 
individual and family characteristics played a more relevant role than the school context in this study. 
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Background 

Sedentariness is emerging as a potential risk factor for 
chronic disease [1-6]. For example, among adults, positive 
associations between sedentary behaviour (SB) such as 
sitting time and television viewing, and cardiovascular 
disease and adverse metabolic profiles have been reported 
[1-4]. In children, the link is also consistent between SB 
and increased prevalence of overweight/obesity [5], and 
an increase in metabolic risk factors [6]. Furthermore, 
systematic reviews have shown that screen time and 
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overall sedentary time (objectively measured) track mod- 
erately during childhood and adolescence [7,8], which 
means that reducing their sedentary time may be a way to 
induce health benefits into adulthood [9]. 

Understanding the correlates of sedentary time may aid 
in developing preventive strategies [10]. Sedentary time 
may be best represented by a construct that is different 
from physical activity (PA) [11,12]; however, their deter- 
minants might be similar [11,13]. Recently, it has been 
proposed that ecological approaches may provide a sound 
basis for a better understanding of sedentary time [14]. 
These approaches examine interactions between the sub- 
ject and multiple levels of influence across intrapersonal 
(biological, psychological), interpersonal (social, cultural), 
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organizational, physical environment (built, natural), and 
policy (laws, rules, regulations, codes) domains [10]. As 
such, factors that influence sedentary time in children 
could be different in home, neighbourhood and school 
settings, emphasising the necessity to understand the 
setting-specific multilevel factors that influence this 
complex behaviour. 

Since children spend considerable time at school, this 
multifaceted environment could be an important venue 
for reducing their sedentary time. The school social and 
physical environments provide potential opportunities 
for children to avoid extended periods of sedentary time 
such as active transportation to and from school, large 
campus size or playground areas, sports equipment and 
sporting facilities, recess periods, lunch breaks, and 
physical education classes [15-19]. However, children 
spend most of their school time in sedentary activities 
[20]. The examination of school correlates of sedentary 
time among children, attempting to scrutinise the influence 
of factors coming from multiple levels, is not abundant 
in the literature [21,22]. 

Given that students are influenced by shared and 
unique characteristics within and between schools, the 
correlates of sedentary time are ideally investigated using 
multilevel modelling [23]. Multilevel modelling analysis 
allows for the simultaneous examination of the effects of 
school- and individual-level predictors; accounts for the 
non-independence of observations within schools; does 
not treat subjects and school environment as unrelated, 
but they are seen as coming from a larger population; 
and examines both inter-individual and inter-school 
variation (as well as the contributions of school- and 
individual-level variables to these variations), allowing 
the investigation of individual and school contexts 
simultaneously [24-26]. 

The purposes of this study were to (1) estimate the 
between-school variability in sedentary time of Portuguese 
children, (2) identify individual- and school-level corre- 
lates of sedentary time, and also test cross-level interac- 
tions between BMI and school climate variables, and 
(3) determine if individual- and school-level correlates 
of sedentary time are similar among normal weight 
(NW) and overweight/obese (O/O) children. 

Methods 

Sample 

A two-level random cluster sample of 777 5 th grade 
Portuguese children (419 girls, 358 boys) from 23 schools, 
aged 9-10 years old, was assessed. After exclusion criteria 
(non-valid accelerometer data), the final sample comprises 
686 children (381 girls, 305 boys). The students were 
part of the International Study of Childhood Obesity, 
Lifestyle and the Environment (ISCOLE), a research 



project conducted at sites in 12 countries from all major 
world regions. In short, ISCOLE aims to determine the 
relationship between lifestyle behaviours and obesity in 
a multi-national study of children, and to investigate 
the influence of higher-order characteristics such as 
behavioural settings, and the physical, social and policy 
environments, on the observed relationships within and 
between countries [27]. 

After a first initial contact with a physical education 
teacher from each school, the project was presented to 
the physical education department. Following their 
approval, the project was then presented to the school 
principal as well as to the parental council; it was only 
after obtaining these consents that the project was 
implemented in each school. All 5 th grade children 
were invited to be part of the ISCOLE; however, only 
children aged between 9.5 and 10.5 years old were clas- 
sified as "eligible" to be part at the project. From those 
"eligible" children, a sample of ~ 30-40 children per 
school was randomly selected (50% for each gender). 
Non-response was negligible (response rate was 95.7%), 
and missing information was at random, since differences 
between subjects with missing information and those 
included in the present study were not statistically sig- 
nificant (data not shown). 

Data were collected from September 2011 to January 
2013. All assessments were done during a full week per 
school. The study protocol was approved by the University 
of Porto ethics committee, as well as by the schools' dir- 
ectorate councils. Written informed consent was obtained 
from parents or legal guardians of all children. All data 
collection and management activities were performed and 
monitored under rigorous quality control procedures, 
implemented by the ISCOLE Coordinating Center, as 
described in detail by Katzmarzyk et al. [27]. 

Anthropometry 

Height and weight measures were obtained according to 
standardized ISCOLE procedures [27]. Each child was 
measured twice and, when necessary, a third measurement 
was taken if the difference between the previous two was 
outside the permissible range for each measure and its 
replica (0.5 cm for height and 0.5 kg for weight). The mean 
value of each measured variable was used for analysis. 

Body mass index (BMI) was calculated using the standard 
formula [weight(kg) /height (m) 2 ], and subjects were classi- 
fied as normal weight, overweight, or obese according to 
the cut-off points from the World Health Organization 
(WHO) [28]. In the present paper, and to pursue our 
second aim, two BMI groups were formed: a NW 
group, and O/O group. Since the number of children 
classified as underweight was very low (8 cases), they 
were included in the NW group. 
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Family data 

Family information was obtained by a questionnaire com- 
pleted by parents or legal guardians [see ISCOLE Demo- 
graphic and Family Health Questionnaire in Katzmarzyk 
et al [27]]. The questionnaire collected information on 
basic demographics, ethnicity, family health and socio- 
economic factors. For the present study, we only use 
information on family income [as an indicator of socio- 
economic status (SES)] and number of siblings. 

Subjects were classified into one of eight categories of 
annual family income, ranging from < €6000 to > €42000, 
where category 1 represents lowest family income, and 
category 8 represents the highest. In the analysis strategy 
used in this paper, the family income socioeconomic 
variable was centered at category 4. Parents were also 
asked about family size, i.e., number of siblings. 

Sleep and sedentary time 

Actigraph GT3X + accelerometers (ActiGraph, Pensacola, 
FL) were used to monitor sleep and sedentary time. 
Children wore the accelerometer at their waist on an 
elasticized belt, placed on the right mid-axillary line 
24 hours/day, for 7 days, including 2 weekend days. To 
be eligible for this analysis, children had at least 4 days 
with a minimum of 10 hours of wear time per day; a 
total of 686 children fulfilled this condition. 

Accelerometer data were first divided into awake time 
and nocturnal sleep time using an automated algorithm 
[29,30]. After exclusion of the nocturnal sleep episode time, 
waking non-wear time was defined as any sequence of at 
least 20 consecutive minutes of zero activity counts [30]. 

Sedentariness is a multi-faceted characteristic that 
includes behaviour at work/school, at home, during 
transport, and in leisure-time including screen-time, 
motorized transportation, and sitting (to read, talk, do 
homework, or listen to music) [31]. In the present study, 
sedentary time was defined as minutes/day spent at 
less than 100 counts/min (using 1 minute epochs) as 
advocated by Treuth et al [32]. Further, information 
was also collected about children's SB, by asking them 
about time spent in computer use during school days 
[ISCOLE Diet and Lifestyle Questionnaire, described 
in Katzmarzyk et al [27]]. 

School environment 

Information concerning the school environment (con- 
text and climate) was obtained via a questionnaire 
[ISCOLE School Environment Questionnaire presented 
in Katzmarzyk et al. [27]] which was completed by the 
physical education teacher or the school principal. The 
questionnaire includes items related to school facilities, 
healthy eating and PA policies, extracurricular activities, 
frequency of physical education and breaks (recess), pro- 
motion of active transportation, availability of healthy and 



unhealthy foods in the cafeteria and vending machines, 
number of days that students attend school during the 
academic year, and the amount of class time mandated for 
physical education. For the present study we considered 
primarily the (i) school context information regarding 
school size (number of students), and (ii) school climate 
which includes percentage of students participating in 
school sports or PA clubs, school promotion of active 
transportation (allowing children to bring their bicycles), 
and students' access to sports equipment outside of school 
time. These variables were chosen firstly because there is 
evidence that they are correlated with PA and sedentari- 
ness in school children; and secondly, because of the 
multilevel data structure. 

Data analysis 

Descriptive statistics, t and chi-square tests were com- 
puted in IBM SPSS version 20.0, and WinPepi version 
11.26 [33]. Modelling the relationship between children's 
sedentariness, their individual characteristics (level- 1), 
and school environmental factors (level-2) was done in 
HLM 7.02 software within the framework of the multi- 
level approach using maximum likelihood estimation 
procedures [34]. 

A series of hierarchical nested models were fitted, 
and the Deviance statistic was used as a measurement 
of global fit. It is expected that as models increase in 
complexity by adding predictor variables, a significant 
decrease in Deviance is expected to occur, and the sig- 
nificance of the decrease is tested with a chi-square test 
[35]. In addition, the relevancy of predictors to explain 
SB was assessed with a pseudo-R 2 statistic which is inter- 
preted as a proportional reduction in variance for the 
parameter estimate that results from the use of one 
model as compared to a previous one [34]. Modelling 
was done in a "stepwise" fashion as generally advocated 
[see, for example, Hox [35], and Snijders and Bosker 
[36]]. Firstly, a null model (M 0 ) was fitted to the data to 
compute the intraclass correlation coefficient to estimate 
the variance accounted for by school effects in sedentari- 
ness. Secondly, Model 1 (M 2 ) was fitted to the data using 
only children predictors of sedentariness (gender, BMI, 
number of siblings, family income, computer use, and 
sleep time). BMI and sleep time were centered at the 
grand mean. Thirdly, Model 2 (M 2 ) was fitted by adding 
all school predictors and cross-level interactions. This 
analysis was firstly done using the total sample (i.e., all 
subjects), and then repeated using the two sub-samples 
based on WHO cut-offs for BMI (NW and O/O). 

Results 

Tables 1 and 2 show descriptive statistics (Mean ± SD 
and percentages) for level 1 and level 2 variables. Boys 
and girls had similar (p > 0.05) heights, weights, BMI, 



Gomes et al. BMC Public Health 2014, 14:890 
http://www.biomedcentral.com/1471-2458/14/890 



Page 4 of 9 



Table 1 Descriptive statistics for variables at the child 
level (level-1) 



Child-level variables (mean ± SD) 




Boys (N = 305) 


Girls (N = 381) 


f 


p-value 


Height (cm) 


143.46 ±6.42 


143.49 ±7.06 


0.060 


0.952 


Weight (kg) 


40.52 ± 9.23 


40.28 ± 9.23 


-0.332 


0.740 


BMI (kg/m 2 ) 


19.54 ±3.45 


19.41 ±3.36 


-0.511 


0.610 


Number of siblings 


0.97 ± 0.80 


0.95 ± 0.83 


-0.230 


0.818 


SED time 


449.73 ± 73.07 


482.21 ±66.45 


6.085 


<0.001 


Sleep time (hours/day) 


8.1 4 ± 1.02 


8.21 ±0.96 


0.964 


0.335 




BMI classification (%) 


x 2 


p-value 


Normal-weight 


49.05% 


58.0% 


4.920 


0.026 


Overweight 


15.1% 


1 7.6% 


0.772 


0.380 


Obese 


35.4% 


24.4% 


9.895 


0.002 


Annual family income 


Category 1 


14.1% 


22.7% 






Category 2 


33.2% 


29.3% 






Category 3 


21.2% 


16.7% 






Category 4 


1 1 .6% 


9.3% 






Category 5 


7.1% 


7.0% 






Category 6 


4.6% 


6.0% 






Category 7 


2.9% 


3.7% 






Category 8 


5.4% 


5.3% 






Computer use on school days 


Did not use 


36.4% 


46.2% 






<1 hour 


23.3% 


29.4% 






1 hour 


21.0% 


16.8% 






2 hours 


12.8% 


5.2% 






3 hours 


3.3% 


1 .8% 






4 hours 


1 .6% 


0.3% 






5 or more hours 


1 .6% 


0.3% 







number of siblings, and mean sleep time. Also, no differ- 
ences were found in overweight prevalence among gen- 
ders (x 2 = 0772, p = 0.380), but obesity had a higher 
frequency in boys (x 2 = 9.895, p = 0.002). Girls had higher 
sedentary time than boys (t = 6.085, p < 0.001). 

More than 90% of the schools have children engaged 
in sports participation or PA clubs, more than 75% of 
them promote active transportation among their students, 
and about 50% of them allow the students to have access 
to sports equipment outside of school hours. The mean 
number of students per school is 782 ± 309, ranging from 
239 to 1589. 

Results of the null model, as well as for the other two 
models from the full sample, are presented in Table 3. 
Estimated variance at the school level suggests significant 
inter-individual differences across schools in sedentary 
time (x 2 = 67.32, p < 0.001). The estimated school-level 



Table 2 Descriptive statistics for variables at the school 
level (level-2) 

School-level variables 

Number of students (mean ± SD) 782 ± 309 

Children participation in sports or PA clubs 

Not available 4.3% 

Less than 10% 4.3% 

10-24% 34.8% 

25-49% 13% 

>50% 43.5% 

Promoting active transportation (bike) 

No 21.7% 

Yes 78.3% 

Student's access to equipment outside school hours 

No 47.8% 

Yes 52.2% 



effects from the intraclass correlation coefficient was 
0.0609, meaning that « 6.0% of the total variance in seden- 
tary time among all children is explained by school effects, 
and 94% is explained by children's distinct characteristics 
at their individual level. Also, the reliability estimate of 
0.65 is an indicator of how well each school sample 
mean estimates the overall schools mean sedentary time 
parameter. 

Results from Mi related to individual-level predictors 
show that the sedentary time mean for a girl with a mean 
age of 10.5 years is 484 minutes • day" 1 . Boys, children with 
more siblings and those who sleep more are less seden- 
tary, i.e. spend less time in sedentary activities (p < 0.05), 
but those with higher family income tend to be more sed- 
entary (p = 0.013). No statistically significant associations 
were found for BMI and time spent using a computer on 
school days in mean sedentary time (p > 0.05). The reduc- 
tion in the variance component at the children's level 
allowed the estimation of the proportion (34.4%) of 
children's characteristics explaining the inter-individual 
variance in sedentary time. 

The final model, M 2 , investigated school effects as well 
as cross-level interactions. In this model, we assumed 
that the intercept parameter (sedentary time) varies at 
level 2. The mean sedentary time of a girl from a school 
where students are not involved in sports or PA clubs, 
and do not promote active transportation to school is 
492 minutes • day" 1 . No significant associations were 
found for school size, percentage of students engaged 
in sports or PA clubs, or school promotion of active 
transportation. Similarly, cross-level interactions between 
BMI and school climate variables tested did not show any 
significant interaction. 
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Table 3 Results summary of hierarchical linear modelling for all sample: estimates, standard-errors, and p-values 



Parameters 




Null model 






Model 1 






Model 2 






Estimates 


Standard 
error 


p-value 


Estimates 


Standard 
error 


p-value 


Estimates 


Standard 
error 


p-value 


Intercept 


4o/.Uz 


A ^3 


<U.UU I 


A QA A(^ 

4o4.4o 


EL A7 
D.O/ 


<U.UU I 


AO"] 7H 

4y i ./u 


1 3 P\£L 

I o.lo 


<U.UU I 


Sex 








A A 


A Q7 

4.y/ 


<U.UU I 


-5U.OJ 


D.Z5 


<U.UU I 


Rl\/ll 








n 11 
-U.ZZ 


n fsO 
u.oy 


U./ jz 


1 HA 
I .UD 


1 

I .OJ 


u.jDD 


BMI X Participation in sports or PA clubs 














n 1 a 
-U. 1 4 


U.Dj 


n Qio 

u.ozy 


BMI X Promoting active transport 














1 7^ 
- I ./ J 


1 7/1 

I ./4 


U.o I 0 


DIVII A ALLcbb LU cLjUipi I lfcM R UUlblUc 














n 74 


1 ^7 
I .0/ 


u.djd 


school hours 




















Number of siblings 








-8.50 


2.67 


0.002 


-8.56 


2.71 


0.002 


Family income 








4.24 


1.70 


0.013 


4.32 


1.68 


0.010 


Computer using on school days 








2.68 


3.07 


0.383 


2.62 


3.10 


0.399 


Sleep time 








-17.90 


2.96 


<0.001 


-17.78 


3.06 


<0.001 


School size 














-0.001 


13.05 


0.910 


Participation in sports or PA clubs 














-1.81 


3.78 


0.637 


Promoting active transport 














-2.33 


8.53 


0.787 


Vorionce components: random effects 




















School mean 




309.50 






202.89 






190.05 




Children level effect 




4765.57 






3854.52 






3852.97 




Model summary 




















Deviance statistic 




7781.24 






5551.69 






5550.73 




Number of estimated parameters 




3 






9 






15 





Table 4 Summary of results of final model two BMI groups (normal-weight and overweight/obese groups): estimates 
(standard-errors), and p-values 



Parameters 

Regression coefficients: fixed effects 


Normal-weight (N = 340) 




Overweight/Obese (N = 


272) 


Estimates 


Standard error 


p-value 


Estimates 


Standard error 


p-value 


Intercept 


483.23 


13.35 


<0.001 


514.03 


19.96 


<0.001 


Sex 


-32.93 


8.45 


<0.001 


-29.12 


7.33 


<0.001 


Number of siblings 


-4.25 


4.48 


0.344 


-10.25 


5.18 


0.049 


Family income 


6.29 


2.34 


0.008 


2.59 


2.58 


0.317 


Computer using on school days 


1.63 


3.52 


0.643 


5.44 


4.44 


0.222 


Sleep time 


-25.85 


4.45 


<0.001 


-9.52 


3.04 


0.002 


School size 


-0.02 


0.01 


0.105 


0.01 


0.01 


0.502 


Participation in sports or PA clubs 


-0.18 


4.56 


0.969 


-6.20 


5.75 


0.294 


Promoting active transport 


7.67 


8.85 


0.397 


-20.29 


13.43 


0.147 


Variance components: random effects 














School mean 




8.75 






389.16 




Children level effect 




4043.96 






3492.64 




Model summary 














Deviance statistic 




2919.96 






2223.24 




Number of estimated parameters 




11 






11 
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Table 4 shows the results for the two weight groups 
(NW and O/O). Since BMI was used to classify subjects 
in weight groups, this variable was excluded in these 
analyses, as well the cross-level interactions between 
BMI and school climate variables. Among NW children, 
significant associations were found for sex, sleep time 
and family income, where boys and children who sleep 
more are less sedentary (p < 0.05); those with higher 
family income have higher sedentary time (p = 0.008). 
For O/O, being a boy, children with more siblings and 
those who sleep more have a significantly lower mean 
sedentary time (p < 0.001). Similar to the overall sample, 
no significant associations were found between sedentary 
time and school variables in NW and O/O groups. 

Discussion 

This study aimed to identify the magnitude of child- and 
school-level correlates of sedentary time and to determine 
if their importance was similar in NW and O/O children 
using a multilevel modelling approach. 

At the child level, most of the variables included in the 
model were significantly linked to sedentary time. Sex 
differences in sedentary time are well documented [37], 
showing that girls spend more time in sedentary activities 
[11], which was confirmed in the present study. Van 
Stralen et al [38] studied the time devoted to sedentary 
activities at school in children aged 10-12 years from 
five European countries, and reported that girls spent a 
significant larger amount of school-time in sedentary 
activities (67%) than boys (63%, p < 0.0001), which can 
be related to differences in sex options for engagement 
in activities during recess time, with boys engaging 
more in competitive games while girls prefer socialising 
with friends [39]. Similarly, Verloigne et al [40] also 
found that girls spend more time in sedentary activities 
(511 minutes • day" 1 ) than boys (478 minutes ♦ day" 1 ) 
taking into account the whole day, not only school time. 
Since in the present study children were monitored 
24 hours • day" 1 , the sedentary time variable represents 
the entire day, not just sedentary time while at school. 
As such, in association with the explanation for the sex 
differences in sedentary time during school hours, it is 
also possible that these differences may be potentiated 
by dissimilarities in boys' and girls' leisure time activities. 
Since boys tend to devote more time in PA and/or in 
sports participation [41] during their leisure time, this 
behaviour may be relevant to decrease their sedentary time. 

The influence of siblings on children's sedentariness is 
not clear. It has also been reported, in a longitudinal 
study, that children with more siblings exhibit smaller 
increases in objectively measured sedentary time [42]. 
On the other hand, Verligne et al [43] investigated the 
effect of an intervention program on 10-12 year old 
Belgian children's total sedentary time, and reported that 



those with one or more siblings were less likely to reduce 
sedentary time after the intervention program. Further, 
Tandon et al [44] reported that children watched TV/ 
DVD's with siblings more days per week, on average, than 
they did PA's, reinforcing a potentially positive influence 
of the sibling for SB. On the other hand, it was suggested 
that the presence of more children at home (i.e., more sib- 
lings) is highly related with more moderate-to-vigorous 
PA overall and at home, and more sedentary time at home 
but less screen time [45]. We found a negative association 
between number of siblings and sedentary time in 
children, implying that the more siblings children have, 
the less sedentary they are. Since at this age there is a high 
peer influence in children behaviour [41], it is possible 
that those with less sedentary siblings tend to also become 
less sedentary. 

Sleep time was negatively associated with sedentary 
time, indicating that children that slept more spent less 
time in sedentary activities. Several studies have shown 
that SB may interfere with sleep [46-48], but the results 
are not conclusive. For example, Belgium students who 
spent more time in sedentary activities, such as watching 
TV, playing video games, and using the internet went to 
bed later, spending less time in bed on weekdays [47]. 
However, in Taiwanese adolescents [49] no association 
was found between the time they spent watching TV or 
using a computer and getting sufficient sleep. 

A positive association was found between family income 
and sedentary time, although the results from other studies 
have not always been clear about the magnitude and direc- 
tion of this association [11]. For example, Olds et al [50] 
studied the socio-demographic correlates of SB in children 
aged 9-16 years, and found that children from higher SES 
reported greater engagement in non-screen sedentary time 
(such as sitting or lying down), but those from lower 
SES spent more time in screen-based sedentary time 
(watching TV, playing videogames, using computer), and 
no significant difference across income bands was found 
for total sedentary time (sum of non-screen sedentary 
time and screen sedentary time). Similarly, Foley et al [51] 
reported that 10-18 years old adolescents from areas of 
lower deprivation (i.e., higher SES) tended to accumulate 
more total sedentary time, which was determined by the 
concomitant use of an accelerometer and a recall diary. 
Furthermore, Klitsie et al [52], also using an objective and 
subjective method to access sedentariness, reported that 
9-10 year old children with higher SES spent more time in 
non-screen SB; however, those from low SES and those 
from high SES both had higher sedentary time than those 
of medium SES. Using an objective method to measure 
sedentary time, namely accelerometers, Steele et al [53] 
did not find any difference in sedentary time according to 
SES, while Atkin et al [42] reported an increase in seden- 
tary time, after a one-year period, among children from 
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higher SES. Our findings add to this body of evidence, 
and suggest that Portuguese children with higher family 
income have greater sedentary time than those with 
low family income. 

There is some prior evidence that children with a 
higher BMI are more sedentary, spending more time 
watching TV [54,55]. However, in the present study no 
significant association was found between sedentary time 
and BMI. Further, the interaction between BMI and 
school climate variable did not reveal a mediation effect 
of school characteristics on the role of BMI on sedentary 
time. However, TV watching was not specifically measured 
in the present study, and the relationship with BMI may 
differ across different sedentary behaviours. 

Schools offer extracurricular activities and policies that 
could potentially reduce sedentary time among students 
[15-19]. In this study, only 6.0% of the total variance in 
sedentary time was explained by school-level variables. 
It is known that schools with a larger campus size or 
playground areas provide more opportunities for their 
students to engage in PA during recess time, potentially 
decreasing their sedentary time [15,17,19]. In addition, 
athletic facilities such as school sports or PA clubs 
appear to be good opportunities to decrease sedentary 
time and increase PA in youth [56]. Moreover, active 
commuting to school is associated with higher PA 
levels among youth [57,58], and children who drive to/ 
from school are less likely to achieve recommended 
levels of daily PA [59]. However, despite the suggestion 
that school context has the potential to reduce children's 
sedentary time, in the present study we did not find 
such an association. Our study was potentially under- 
powered to identify school level effects, given the sample 
size of only 23 schools (versus a sample size of 686 
children for individual-level correlates). Further, there 
was limited variance in some of the school-level variables 
measured in this study (i.e. more than 90% of the schools 
have children engaged in sports participation or PA clubs). 
Thus, a study with a larger sample size of school, and with 
greater variability among schools in the environmental 
variables, may be better suited to detect school-level 
correlates. 

When the analyses was stratified by body weight sta- 
tus, sex and sleep time were related to sedentary time 
in both NW and O/O groups; family income was only 
related to sedentary time in the NW group, while num- 
ber of siblings was related to sedentary time in O/O; 
further, no school-level predictor was significantly asso- 
ciated with sedentary time in either group. Differences 
in individual-level sedentariness correlates among weight 
groups suggests that attention should be paid to weight 
status when implementing strategies to decrease sedentary 
time in children, such that the chosen activities should 
be easily and playfully performed by both NW and O/O 



children; additionally, body weight should not be a barrier 
to those children with higher weight. 

This study has several limitations and strengths. Firstly, 
as we did not study distinct SB's (screen time, reading, 
listening to music, transportation to/from school, etc.), 
rather we focused on objectively determined overall seden- 
tary time. Thus, it was not always possible to compare our 
results with previous studies that did not assess sedentary 
time objectively using accelerometry [11,60]. Secondly, the 
present sample comes from only one Portuguese region 
and its results do not necessarily generalize to all children. 
However, a comparison of the present sample character- 
istics with information available from the Portuguese 
population of the same age and gender was done. For 
example, in data not shown here, no differences were 
found in the prevalence of overweight/obesity [61], in 
the percentage of children attaining sufficient levels of 
PA [62], and SES distribution [63]. Thirdly, despite the 
evidence that moderate-to-vigorous PA attenuates the 
association between SB and health risk [64], we did not 
include this information as a covariate. Notwithstanding 
these limitations, the study has several important strengths: 
(1) the use of an objective method to estimate sedentary 
time; (2) the use of the accelerometer for 7 days; (3) inclu- 
sion of objective information regarding sleep time; (4) 
using standard methods and highly reliable data, and (5) 
the use of multilevel modelling to capture the complexity 
of nested information available at the child and school 
levels. 

Conclusions 

In summary, this study investigated the role of individual- 
and school-level variables with children's sedentary time 
within the multilevel modelling framework. School context 
explained 6.0% of the total variance in children's sedentary 
time. At the individual level, sex, number of siblings, family 
income and sleep time explained 34.4% of the 94% variance 
fraction of the individual level. No significant association 
was found between sedentary time and BMI, as well as 
between sedentary time and school-level correlates. Not- 
withstanding the relevancy of school diversified environ- 
ments to reduce sedentary time in children, enhancing 
their opportunities for being less sedentary in their awake 
time, requires further analysis with a more diversified 
list of markers than those explored in the present study. 
Furthermore, differences in sedentary time correlates 
among NW and O/O children suggest that different 
strategies may be needed to reduce sedentary time in these 
two groups. Moreover, given the association between 
sedentary time and health risks, future studies should 
be conducted using direct measures of total sedentary 
time, distinguishing different types of SB and examining 
different patterns in which sedentary time is accumulated. 
Furthermore, the use of an inclinometer, in association 
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with the accelerometer, could be useful to provide infor- 
mation regarding postural changes. In addition, since 
sedentariness and PA are two distinct phenotypes, and 
being physically active does not imply being less sedentary, 
future studies should also investigate the relationship 
between these two variables on health risk factors, 
independently and in association. 
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